Abstract-The sheepshead (Archos-
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Abstract-The sheepshead (Archos-
argus probatocephalus) is common in coastal waters from the Chesapeake Bay to Texas in the United States and supports a viable recreational and commercial fishery throughout much of its range. Otoliths were extracted from 2549 sheepshead collected from 1993 through 2009 in Tampa Bay, Florida, during routine sampling by the Fisheries-Independent Monitoring program of the Florida Fish and Wildlife Conservation Commission. Sheepshead ranged in size from 107 to 524 mm fork length (FL). Age of sheepshead was estimated by counting annuli (opaque zones) in thin-sectioned sagittal otoliths. Marginal-increment analysis of sheepshead from ages 1 to 6 indicated that a single opaque ring was formed on an otolith each year between May and June. In Tampa Bay, sheephead reached a maximum age of 15 years. Males and females experienced rapid growth through age 6; growth rate decreased markedly thereafter. Although von Bertalanffy growth models were biologically similar between sexes, they were found to be statistically different (female [FL=419.1 (1−e −0.272(age+1.009) )]; males [FL=422.5 (1−e −0.255(age+1.115) )]). Tampa Bay sheepshead are typically smaller at a given age than those in more northern climates and not as long lived. Differences in regional growth models may be attributed to differences in mortality, ontogenetic shifts in habitat, genetic variation, or sampling design.
The sheepshead (Archosargus probatocephalus) occurs from Nova Scotia (Gilhen et al., 1976) to Brazil (Caldwell, 1965) and is common in coastal waters from Chesapeake Bay to Texas in the United States (Bigelow and Schroeder, 1953; Collette and Klein-MacPhee, 2002) . Two subspecies of sheepshead have been reported within its U.S. range: A. p. probatocephalus, found along the Atlantic coast and into the Gulf of Mexico as far north as Steinhatchee, Florida, and A. p. oviceps, which occurs in the Gulf of Mexico from St. Marks River, Florida, to Campeche Bank, Mexico (Caldwell, 1965) . Subspecific distinction is based partly on pigmentation (size and number of vertical body bars) and meristic counts (lateral line scales, gill rakers, and dorsal fin spines and rays), both of which overlap considerably between the 2 subspecies (Caldwell, 1965) . Results of recent genetic analyses in which mtDNA of sheepshead from the Gulf of Mexico and South Atlantic indicated that a single panmictic population of sheepshead exists within the range of this species from Texas through North Carolina (Anderson et al., 2008; Seyoum et al., in press ). More detailed microsatellite analysis, however, has revealed a significant genetic break at the subspecies boundary in the Florida panhandle (Apalachee Bay), providing genetic support for the validity of 2 subspecies of sheepshead within its range in the United States (Seyoum et al., in press (Munyandorero et al. 1 ).
Growth has been described for larval and early juvenile sheepshead from Florida waters (Parsons and Peters, 1989) . Elsewhere, age and growth studies of juvenile and adult sheepshead have been conducted in Georgia (Music and Pafford 2 ), North Carolina (Schwartz, 1990) , South Carolina (Wenner 3 ), Louisiana (Beckman et al., 1991) , and northwest Florida (DutkaGianelli and Murie, 2001) . Validated (Music and Pafford 2 ) and unvalidated (Schwartz, 1990) ages have been determined also from scales. However, Dutka-Gianelli and Murie (2001) reported that scales of sheepshead older than 3 years resulted in underestimated ages, and scales from sheepshead aged 2 or more years have been described as unreadable (Schwartz, 1990; Wenner 3 ).
Validated ages determined from otolith sections have been used to estimate von Bertalanffy growth parameters for sheepshead from Louisiana (Beckman et al., 1991) , South Carolina (Wenner 3 ), and northwest Florida (Dutka-Gianelli and Murie, 2001) . All 3 studies noted a high variability in size at age for sheepshead, reported von Bertalanffy growth parameters, and the predicted sizes at age varied considerably among the 3 studies (Dutka-Gianelli and Murie, 2001) . Each study relied almost exclusively on the fishery (commercial or recreational) for its samples. Beckman et al. (1991) indicated that because the gear types used were more apt to catch certain sizes of fish than others and because fishermen occasionally sorted the catch before supplying the researchers with samples, the age and size structures of the sheepshead analyzed probably did not represent the overall population of sheepshead in Louisiana. Other researchers also have determined that reliance upon samples obtained only from the fishery can cause misrepresentation of the size distribution and age structure of a population (Miranda et al., 1987; Hilborn and Walters, 1992; Wilson et al., 2015) .
By design, we used multiple gear types and fisheries-independent methods to provide a more representative sample across size and age classes of sheepshead, therefore generating estimates of growth pa- rameters more representative of the true population. Otolith annuli (opaque zones) were validated to determine age and growth parameters for sheepshead, and these estimates were then compared with those previously reported for sheepshead from other geographical regions.
Materials and methods
Sheepshead were collected in Tampa Bay, Florida (Fig.  1) , a large estuary on the west coast of Florida that has an average depth of approximately 3 m and a maximum depth of 13 m (Comp and Seaman, 1985 (Table 1) . Haul seine and trawl samples were collected at both stratified-random and fixed sites; gill net collections were made at stratified-random sites.
More detailed information about the sampling gears and protocols used by the Fisheries-Independent Monitoring program can be found in Tremain and Adams (1995) , Nelson et al. (1997) , Nelson (1998), and Winner et al. (2010) . Sheepshead were also taken as bycatch from trammel nets, which had been set on visually detected schools of striped mullet (Mugil cephalus), red drum (Sciaenops ocellatus), or common snook (Centropomus undecimalis). For each fish, we recorded standard length (SL), fork length (FL), and total length (TL) to the nearest millimeter; sex; and total weight to the nearest 0.1 g before extraction of sagittal otoliths, which were then rinsed, cleaned, and stored dry for further examination. Sex ratios of sheepshead were compared with a hypothetical 1:1 sex ratio by using the G-test (Sokal and Rohlf, 1981) . Length distributions also were compared between sexes by using the Kolmogorov-Smirnov (KS) 2-sample test (Proc Npar1way procedure in SAS 4 software, vers. 5.1 (SAS Institute Inc., Cary, NC). Linear regression for all sheepshead collected was used to calculate sex-specific length-length and length-weight relationships (Proc Reg procedure in SAS software) for untransformed and transformed (log 10 ) data, respectively, and these relationships were compared through analysis of covariance (ANCOVA; Snedecor and Cochran, 1967) . Data from all fish collected were pooled when slopes and intercepts for sex-specific regressions were not significantly different. All significance testing was conducted at P≤0.05.
Three or four thin (~0.5 mm) transverse sections were cut at or adjacent to the core of the left sagitta with a Buhler Isomet low-speed saw equipped with a diamond blade; a right sagitta was sectioned when the left sagitta was missing or had been damaged. Oto-the proximal edge of each annulus, along the ventral sulcal ridge, were completed with a digital imageprocessing system for all otoliths processed from 1995 through 1998. The marginal increment was calculated as a percentage by dividing the distance from the terminal annulus to the marginal edge by the distance between the last 2 annuli formed on the otolith and multiplying by 100. Monthly marginal-increment statistics (25th, 50th, and 75th percentiles) with all age classes pooled were calculated for February 1995-December 1998, the period during which monthly samples were collected consistently. Additionally, monthly marginal-increment statistics were plotted, with months pooled across all years (1995) (1996) (1997) (1998) , for individual age classes (ages 1-6 only). Fish age 7 and older were excluded from these age-class-specific analyses because of low sample size across sampled months.
Age of each sheepshead was calculated on the basis of annulus count, marginal increment, date of capture, and an assumed hatching date of 1 April (an assumption based on spawning and larval recruitment; Parsons and Peters, 1989; Tucker and Alshuth, 1997). Therefore, sheepshead collected in February and March that had recently formed an annulus, as determined by a low (<30%) marginal increment were assigned an age of one less than the ring count. Fish collected in April, May, or June that were about to deposit an annulus (at >80% marginal increment) were assigned an age of one more than the ring count. All other fish were assigned an age equal to the ring count. Daily age was calculated on the basis of the age and the number of days that had passed between 1 April and the date of collection:
(integer age + number of days)/365.
(
The G-test was used to compare sex ratios for all fish collected and subsets of fish kept for or eliminated from the aging analysis. Lengths of retained and eliminated sheepshead were compared by using the KS 2-sample test (Proc Npar1way procedure; SAS, 2006) . The KS test was also used to compare age-frequency distributions between the sexes. The von Bertalanffy (1957) growth equation,
lith sections were mounted on microscope slides by using Histomount solution (Thermo Fisher Scientific, Waltham, MA). With a dissecting microscope (8-25× magnification), 2 or 3 readers independently counted the opaque rings on each otolith twice under reflected light. Readers counted rings without knowing the sex, length, or capture date of specimens. Disagreements in annulus counts were resolved by at least 2 readers, without knowledge of previous counts. If an annulus count could not be agreed upon after reexamination, the otolith was rejected from the age and growth analysis. Validation of annuli counts was completed through marginal-increment analysis, which provided indirect evidence at the otolith margin of the periodicity of annulus formation. Measurements from the core to Figure 2
Length-frequency distributions for female and male sheepshead (Archosargus probatocephalus) collected in Tampa Bay, Florida, 1993 Florida, -2009 . Sheepshead that were retained and excluded (otolith identified as unreadable) from the age and growth analysis are depicted. Sheepshead for which there was both age and sex information but which did not have a measured fork length were excluded from this plot
where L t = the observed FL at time t; L ∞ = the asymptotic FL; k = the growth coefficient; t = the observed age; and t 0 = the hypothetical age at size zero, was fit by nonlinear regression (Proc NLin procedure, Marquardt routine in SAS software) for sex-specific observed age and length data.
Growth models for males and females were compared with an approximate randomization test (Helser, 1996) .
Results

Size and sex composition
Sheepshead (n=2549) ranging in size from 107 to 524 mm FL were collected in Tampa Bay ( Fig. 1 ) with a variety of gear types (Table 1) . Although sampling was done throughout the estuary, most specimens were collected along the shoreline in the middle to lower portions of the estuary with a large haul seine (n=1931, 75.8%) or a trammel net (n=367, 14.4%). Together, the other gear types caught less than 10% of the specimens used in this study. Sex was determined for 93% of the sheepshead collected. The majority of the specimens for which sex was not determined were immature (≤2 years old) fish for which gonad samples were too small to allow sex determination. The sex ratio of males to females (1:1.75) in our samples was significantly different from 1:1 (G-test: 177.69, df=1, P≤0.001). Mean length of females (308.5 mm FL) was slightly greater than that of males (302.0 mm FL), but length-frequency distributions did not differ significantly between sexes ( Fig. 2; KS test: 0.058, P≥0.05). Neither the slopes nor the intercepts differed significantly in the sex-specific length-length regressions (ANCOVA: P>0.05); therefore, all sheepshead data were pooled to elucidate relationships among SL, FL, and TL (Table 2 ). All length-length regressions exhibited high coefficients of determination (r 2 ≥0.988) ( Table 2) . Sex-specific length-weight regressions were necessary because regressions for males and females had significantly different intercepts (ANCOVA: F=32.15; df=1, 2196; P≤0.001), but r 2 was high for both males (≥0.978) and females (≥0.976) ( Table 2) .
Age determination and validation
Marginal-increment analysis of otoliths from sheepshead, with all age classes pooled, indicated that a single opaque ring formed annually between May and June (Fig. 3) . Median marginal increment reached a consistent minimum from late spring to early summer (May 1995 , June 1996 , June 1997 , June 1998 and a consistent maximum during winter (February 1995 , January 1996 , February 1997 , January 1998 . Large interquartile ranges in the months before and during opaque-ring deposition indicated that many individuals had either just deposited (and therefore had a low increment width) or were about to deposit an opaque ring (and had a high increment width). Pooling month- ly marginal increments across all years for individual age classes (ages 1-6) also indicated that for each age class a single opaque ring was deposited during the late spring or summer (Fig. 4) . Otoliths of 2549 sheepshead were examined for age; 154 (6.0%) were excluded from the aging analysis (because there was no agreement among readers or because an otolith was damaged), and 169 (6.6%) were excluded from sex-specific age analyses (because no sex data were available). The male to female sex ratio for the sheepshead retained in the aging analysis (1:1.79) did not differ significantly from that of the overall sample (1:1.75; G-test: 0.340, df=1, P>0.05). But the male-to-female sex ratio for sheepshead excluded from the aging analysis (1:1.20) was significantly different from that of sheepshead retained in the aging analyses (G-test: 5.06, df=1, P<0.05). Sexspecific length-frequency distributions of fish excluded from the analysis did not differ significantly from those retained ( Fig. 2; 
Age and growth
Sheepshead ranged from <1 year to 15 years of age, and the mean ages of males (3.67 years) and females (3.73 years) were similar (Fig. 5) . The overall age-frequency distributions of males and females (Fig. 5) did not differ significantly (KS test: 0.032, P>0.05). Sheepshead of ages 2-4 accounted for more than half of the individuals collected (62.9%), but sheepshead aged 7 or older were relatively rare (7.9%). The oldest fish (sex not determined: 524 mm FL, 14.7 years; male: 404 mm FL, 14.9 years; and female: 345 mm FL; 15.2 years) were collected in a large haul seine.
Observed length at age was variable for both sexes (Fig. 6) . Growth was relatively rapid for both males and females. By age 1, sheepshead, regardless of sex, reached a size predicted to be more than 40% of L ∞ , and, by age 6, they had reached sizes greater than 80% of L ∞ . Growth rates of both sexes slowed after age 6. Males achieved a slightly greater L ∞ than females (3.4 mm FL greater), but females grew at a slightly higher rate (as measured by K; Table 3, Fig. 6 ) than males. The von Bertalanffy growth models for males and females (approximate randomization test: P<0.01) were significantly different. Although predicted size at age was greater for females than for males in all age classes from ages 1 through 10 (Table 4) , the difference between predicted size at age between sexes was minimal, 7 mm FL or less (mean difference of 3.3 mm FL) across all age classes.
Discussion Age determination and validation
Sheepshead age and growth has been studied by using both scales and sagittal otoliths. Although scales have been used to age sheepshead (Music and Pafford 2 ; Schwartz, 1990 ; and Wenner 3 ), validation of annuli on scales of sheepshead has indicated that scales are not as reliable as otoliths for aging this species. Music and Pafford 2 could validate scale annuli only in sheepshead younger than age 5, and annuli in scales of sheepshead older than age 2 have been reported to be unreadable (Schwartz, 1990 ; Wenner 3 ). Age has been underestimated in sheepshead and other fish species when scales were used, and age estimates from the use of scales have been lower than those derived from otolith sections (Beamish and McFarlane, 1983; Carlander, 1987; Lowerre-Barbieri et al., 1994; Dutka-Gianelli, 1999) . In our discussion, the only studies considered in growth comparisons are those in which ages were estimated on the basis of validated otolith annuli.
We used marginal-increment analysis, which has been used to validate annulus deposition in the sag- . Each of these studies reported that a single annulus was deposited from late winter to spring (March-May for sagittae)-a finding similar to that of our study (May-June).
In our study, fish older than age 7 were uncommon; therefore, we could not analyze marginal increments for those fish by age class to validate annulus deposition. Examination of fish aged 7-14, as a group, showed that annuli formed at the same time as fish in younger age classes. Although we presume that these older fish laid down a single opaque ring each year, ages of fish older than age 6 may sometimes have been misinterpreted (Beamish and McFarlane, 1983) . It would be valuable in future studies in the Tampa Bay area that more age data be collected from larger and older sheepshead to further elucidate annulus deposition in these older fish.
Growth
Results of growth studies of sheepshead have shown marked geographic variation. Sheepshead in northern areas of the Gulf of Mexico and Atlantic are longer lived and grow larger than those in Florida (Beckman et al., 1991; Wenner 3 ; DutkaGianelli and Murie, 2001) . We found that the growth of sheepshead in Tampa Bay was similar to that reported farther north along the gulf coast of Florida. Sheepshead from Tampa Bay were observed to reach at least 524 mm FL and to reach an estimated maximum age of 15 years. Dutka-Gianelli and Murie (2001) collected sheepshead in northwest Florida with a similar maximum age (15 years) and size (522 mm FL). In contrast, sheepshead from Louisiana (Beckman et al., 1991) lived longer (20 years) and grew larger (563 mm FL) than sheepshead collected in Florida (Dutka-Gianelli and Murie, 2001; our study). Specimens collected in South Carolina (Wenner 3 ) included the greatest reported estimated age for sheepshead (26 years). Wenner 3 also reported a sheepshead maximum size (560 mm FL) similar to that reported for sheepshead from Louisiana.
Fish length is a poor measure for estimating age in sheepshead. Sheepshead of similar age can differ considerably in length (Schwartz, 1990; Beckman et al., 1991; Wenner 3 ; Dutka-Gianelli and Murie, 2001 ; our study). For example, in our study, age-5 sheephead ranged from 212 to 465 mm FL, and 350-mm-FL specimens ranged from age 2 to age 8. Length has also been seen as unreliable for estimating the age for other sparids, including red porgy (Pagrus pagrus; Hood and Johnson, 2000) , black bream (Acanthopagrus butcheri; Sarre and Potter, 2000) , pinfish (Lagodon rhomboides; Nelson, 2002) , and littlehead porgy (Calamus proridens; Tyler-Jedlund and Torres, 2015) .
Although growth models for male and female sheepshead from Tampa Bay differed statistically, the actual growth parameters were biologically very similar for the sexes. Sex-specific growth models had a significantly 
Number of fish Estimated age (years)
Female (n=1429) Male (n=797) Unknown (n=169) Figure 6 Observed fork lengths and estimated ages of female (indicated by black circles) and male (indicated by open triangles) sheepshead (Archosargus probatocephalus) collected in Tampa Bay, Florida, 1993 Florida, -2009 . The lines depict the predicted size at age from the von Bertalanffy growth models for males and females. Von Bertalanffy growth parameters for both sexes are presented in Table 3 . better fit for sheepshead from Louisiana waters than a model in which sexes were combined. Predicted sizes at age for Louisiana sheepshead were similar for both sexes through age 6, with a mean difference in size at age of 11.6 mm FL between the sexes (Table  4 ), but this difference in size was greater at older ages (25.8 mm difference in FL for ages 7-20). Despite finding no significant difference in sex-specific growth for sheepshead from northwest Florida, both sex-specific and combined-sex growth models were presented by Dutka-Gianelli and Murie (2001); mean differences in predicted size at age between sexes (11.2 mm FL) were larger than the differences we found (mean differences of only 3.3 mm FL; Table 4 ). Therefore, evidence of growth differences between males and females has often been varied among previous studies. For recent stock assessments of sheepshead in Florida, growth was assumed to be similar for males and females, but coast-specific growth parameters were used because growth varied significantly between the two regions (Munyandorero et al. 1 ).
Our estimates of L ∞ and the t 0 (Table 3) were within 2 standard errors of those estimated for fish from Louisiana waters (males: L ∞ =419, t 0 = −0.901; females: L ∞ =447, t 0 = −1.025; Beckman et al., 1991; Table 4 ). Estimated L ∞ for sheepshead from South Carolina (505.0 mm FL) and northwest Florida (490.4 mm FL) were greater than those for sheepshead from either Tampa Bay or Louisiana. For sheepshead from South Carolina and northwest Florida and in our study, values of k were similar but smaller than those reported for sheepshead in Louisiana, indicating that Louisiana sheepshead reach L ∞ more rapidly. Beckman et al. (1991) found predicted lengths for age-3 Louisiana male and female sheepshead were 80% and 77% of their L ∞ , respectively. We found that sheepshead in Tampa Bay are not predicted to reach 80% of L ∞ until age 5 for females (81%) and age 6 for males (83.8%). Similarly, in studies conducted in South Carolina (Wenner 3 ) and northwest Florida (Dutka-Gianelli and Murie, 2001) , sheepshead were predicted to reach 80% of L ∞ by age Table 3 Estimates of the von Bertalanffy growth parameters, by sex, and with sexes combined: asymptotic length (L ∞ ), growth coefficient (k), and hypothetical age at size zero (t 0 ) for sheepshead (Archosargus probatocephalus) collected in Tampa Bay, Florida, 1993 -2009 . Sample sizes (n) and asymptotic standard errors (in parentheses) are listed. Combined includes female and male sheepshead, as well as sheepshead for which sex was not determined (n=169).
Females
Males Combined 5 and age 6, respectively. The differences in growth parameters between these latter 2 studies may be attributed to differences in sampling methods, ontogenetic habitat shifts, or estuarine-specific differences in growth or mortality. Furthermore, the variation in growth parameters between these studies may also be affected by variability in genetic composition (subspecies) among the regions where these studies were conducted. Reliance on fishery-dependent samples can introduce size-and agerelated biases that can result in misleading interpretations of fish growth and size distribution, and age structure of a population (Langler, 1978; Miranda et al., 1987; Hilborn and Walters, 1992) . All the sheepshead analyzed in a Louisiana study were collected from commercial and recreational catches. Almost 60% of their fish came from catches with gill nets, which tend to be size selective, often resulting in a narrow size range of collected fish (Pope et al., 1975) . Beckman et al. (1991) indicated that their sample of sheepshead was probably not representative of the Louisiana population because of gear selectivity and sorting of catches before sampling. In a South Carolina study, most sheepshead larger than 300 mm FL were caught in recreational fishing tournaments and probably represented a greater percentage of larger fish than that of the overall population (Wenner 3 ). Consequently, the sampling methods of these studies could have introduced sufficient size-at-age bias to the effect that the sampled fish did not represent the population as a whole. Our fisheries-independent sampling design increased the likelihood that our data would approximately represent the size and age structure of the population of sheepshead in Tampa Bay. Specimens were collected by using a variety of gear types (a majority of specimens with the nonselective large haul seine [77%]), and at randomly selected sites (68%) that represented a variety of habitats.
Adult sheepshead have been reported to occur over hard structure (reefs, jetties, and piers) in both estuarine (Johnson, 1978; Ogburn, 1984) and offshore (Sedberry and van Dolah, 1984) waters. Sheepshead also have been reported to undergo an ontogenetic shift in habitat as juveniles (Hildebrand and Cable, 1938; Johnson, 1978) , moving from shallow nursery habitats, which often include sea grasses, to hard-structure habitats of adults. Sheepshead in our study were collected from relatively shallow waters (mean depth: 1.2 m [standard error 0.02]) in the Tampa Bay estuary, whereas portions of sheepshead in the Louisiana and northwest Florida studies came from deeper, offshore areas. Render and Wilson (1992) found no significant differences in size or age between the sheepshead collected in offshore and inshore waters of Louisiana, but sample size and gear selectivity (i.e., similar among Table 4 Estimates of the von Bertalanffy growth parameters, the asymptotic length (L ∞ ), growth coefficient (k), and hypothetical age at size zero (t 0 ), and the predicted size at age, presented in fork length (FL) in millimeters, for sheepshead (Archosargus probatocephalus) collected from in Tampa Bay, Florida, 1993 Florida, -2009 Louisiana, 1987 -1988 (Beckman et al., 1991 ; northwest Florida, 1997 -1998 (Dutka-Gianelli and Murie, 2001 and South Carolina, 1995-1996 (Wenner 3 areas) may have obscured differences. If sheepshead undergo a habitat shift from shallow nearshore waters into deeper waters, the growth parameters we describe might not indicate the age and growth of sheepshead in the deeper habitats. Regional differences in sheepshead growth parameters may be attributed partly to population genetics. Within the U.S. range of this species, 2 subspecies of sheepshead have been reported (Caldwell, 1965) . We analyzed A. p. probatocephalus, which occurs along the Atlantic coast and into the Gulf of Mexico to Steinhatchee, Florida. A Louisiana study (Beckman et al., 1991) considered A. p. oviceps, which occurs in the Gulf of Mexico from St. Marks River, Florida, to Campeche Bank, Mexico. A study from northwest Florida (DutkaGianelli and Murie, 2001) looked at both subspecies (84% A. a. probatocephalus and 11% A. a. oviceps) and found no significant differences in growth. Anderson et al. (2008) concluded that molecular genetic data indicated a very limited genetic subdivision between the subspecies, despite considerable divergence in some morphological characters.
In contrast, recent analyses of 24 species-specific microsatellite DNA loci of both A. probatocephalus subspecies from the Atlantic (Florida to North Carolina) and the Gulf of Mexico (Florida and Texas), showed a genetic break at the site of the subspecies boundary at Apalachee Bay, Florida (Seyoum et al., in press ). These recent genetics results, coupled with the known morphological differences between A. p. probatocaphalus and A. p. oviceps, support the validity of the 2 subspecies of sheepshead within its U.S. range (Caldwell, 1965) , but further study is necessary to better understand processes that contribute to the genetic and morphological differences between these subspecies. A comparison of similarly collected age and growth data is necessary to determine the existence and extent of any subspecific differences in growth.
A fishery can modify the population size and age characteristics of a species by selectively removing younger, faster-growing fish (Ricker, 1975) , possibly accounting for the larger fish collected in northwest Florida. Dutka-Gianelli and Murie (2001) suggested that because of the lower density of the human population of northwest Florida, sheepshead there may have experienced less long-term fishing mortality than those in Tampa Bay. Sheepshead enter the fishery in Florida waters at ~280 mm FL (~305 mm TL), at approximately the size predicted for age-3 sheepshead in Tampa Bay (Table 4) . Predicted sizes at age are similar between sheepshead in Tampa Bay and those in northwest Florida through age 3 (mean difference of 13.2 mm FL), but after that age, sheepshead from northwest Florida consistently are predicted to attain larger sizes at age (mean difference of 52.4 mm FL).
Regional differences in sheepshead growth parameters are apparent, but within Florida waters it is unnecessary to manage sheepshead regionally. Several fishery management actions, including the ban on entangling gear, a minimum size limit, and recreationalbag (15 fish) and commercial-possession (50 fish) limits were enacted for sheepshead in Florida waters during the 1990s. These actions have brought about a decrease in combined landings of sheepshead and an increase in the size of sheepshead landed; transitional spawning potential ratios of sheepshead in Florida have increased since 1996 and, in 2009, were 37% and 29% for the Atlantic and gulf coasts of Florida, respectively (Munyandorero et al. 1 ). Further studies, to better define the stock structure and to describe estuary-or stock-specific differences in growth, would be beneficial and help refine the management of sheepshead in Florida waters.
